Objective: Gastrointestinal (GI) panels have allowed for faster and accurate detection, treatment, and control of pathogens. Because of the large number of potential pathogens included in the panel the clinical significance and manifestations of some organisms, such as Enteroaggregative Escherichia coli (EAEC) and Enteropathogenic E. coli (EPEC), remains undetermined.
INTRODUCTION
Acute infectious diarrhea is a leading cause of outpatient visits and hospitalizations in the United States, affecting 179 million people annually [1, 2] . Globally, it is estimated that there are 1.7 billion cases of diarrhea disease every year [3] .
The burden of diarrhea is largest in children under the age of 5, where diarrhea is the second leading cause of death, killing 760,000 children every year [3, 4] . Many of these diarrheal-related deaths occur in developing countries where water sanitation and sewage disposal are lacking.
Widespread diarrhea infectious in developed countries can ultimately occur by unsafe food and water distribution [4] . Many approaches have been taken to help prevent this problem, such as the development of the Foodborne Diseases Active Surveillance Network (FoodNet) which actively monitors the incidence of laboratory-confirmed infections of several pathogens [5] .
Because the cause of acute infectious diarrhea is rarely directly identified based solely on clinical presentation, the use of laboratory tests plays a significant role in the immediate diagnosis of acute diarrhea [6] . It has been proven that correctly identifying the etiology of acute infectious diarrhea can have a significant impact on containment of the disease as well as clinical care, as treatment can be delivered earlier and shorten the duration of symptoms [7, 8] .
While the use of conventional methods such as stool cultures and enzyme immunoassays (EIA) have played a significant role, there has been increased interest in the use of molecular diagnostic tests such as multiplex polymerase chain reaction (PCR) because of their ability to accurately and rapidly identify pathogens. One such assay is the BioFire FilmArray® Gastrointestinal (GI) Panel, which identifies 22 gastrointestinal pathogens in under an hour from a single stool sample (See Table 1 ) [9] . Other studies have shown that this test performs with sensitivity and specificity >90% [9, 10] . Enteroaggregative and Enteropathogenic Escherichia coli can be identified on the GI Panel, but conventional methods do not routinely identify these organisms. Therefore, the clinical significance and manifestations are unclear. Are these organisms the cause of disease or innocent bystanders?
While numerous studies have examined the GI Panel results, there has not been a study focusing on the impact EAEC and EPEC infections have had on the patient clinically. Prior studies have showed that both EAEC and EPEC have the potential to elicit an inflammatory process and diarrhea [11, 12] , but with many non-disease causing subtypes of both EAEC and EPEC, detection of the organism does not equate to illness.
These two pathotypes of E. coli are also referred to as diarrheagenic E. coli as they are both associated with diarrhea. Enteroaggregative E. coli (EAEC) is a pathotype known for the ability to aggregate with each other and epithelial cells, particularly producing a "stacked-brick" appearance when grown with HEp-2 epithelial cells [13] [14] [15] . In addition to its adherence properties, its production of toxins results in mucosal inflammation of the gut [11] . The strains of EAEC are heterogenous, varying in colonization, virulence factor-encoding genes, and the host response it can elicit [13] . With its varied pathogenicity, EAEC has been linked to numerous infectious diarrhea outbreaks around the world [16] [17] [18] . Numerous PCR assays have been developed to identify EAEC presenting the aggR gene, a virulence gene strongly associated with pathogenic strains of EAEC [19, 20] . Nonetheless, there are strains of EAEC containing aggR that do not elicit complications such as diarrhea, as well as pathogenic strains of EAEC that do not contain the aggR gene. These atypical strains thus present a challenge for the proper identification of pathogenic strains of EAEC. Additionally, identification of the aggR gene by PCR systems does not necessarily equate to a complication of diarrhea. especially common in children [11, 12] . EPEC is often divided into typical EPEC (tEPEC) and atypical EPEC (aEPEC) based on the presence of EPEC adherence factor plasmid (pEAF) in tEPEC involved in colonization [21, 23] . The specific role of tEPEC is often debated as aEPEC serotypes have also been linked to diarrheal outbreaks around the world [21] . Additionally, numerous epidemiological studies are suggesting aEPEC is not only more prevalent but more important to monitor in diarrheal outbreaks [24] [25] [26] [27] [28] [29] [30] [31] . In previous studies using the BioFire FilmArray® GI Panel, EPEC was found in 37.1% of samples collected from children between age 1 and 5 with diarrhea.
With how prevalent EPEC is in samples, we must question the significance these bacteria have in acute infectious diarrhea [9] .
Overall, it is evident that EAEC and EPEC both have the capacity to elicit a diarrheal infection, perhaps some strains more than others. In this study, we aimed to understand the clinical significance and manifestation of Enteroaggregative and Enteropathogenic Escherichia coli found in patients undergoing diagnostic testing for gastroenteritis.
METHODS

Study Design and Setting
This study is a retrospective review conducted at UF Health Shands Hospital in Gainesville, Florida following approval University of Florida's Institutional Review Board.
Selection of patient population
All patients who had the FilmArray GI Panel testing between June 1, 2016 and March 9, 2017 at UF Health Shands Hospital were considered for this study. At this time, the laboratory was performing a clinical evaluation of the assay by performing it on samples collected for a stool culture. The providers ordered stool cultures, and in addition to performing the stool culture, we also tested the same sample on the GI Panel.
Methods and measures
All records from a patient's hospital admission were reviewed. Demographic data including age, gender and BMI were collected. Additionally, information on the patient's vitals, co-morbidities, symptoms, CBC and basic metabolic panels, imaging studies, recent antibiotic use, recent travel out of the country, and GI Panel results were also documented.
Study data were collected and managed using REDCap electronic data capture tools hosted at University of Florida. [32] REDCap (Research Electronic Data Capture) is a secure, web-based application designed to support data capture for research studies, providing: 1) an intuitive interface for validated data entry; 2) audit trails for tracking data manipulation and export procedures; 3) automated export procedures for seamless data downloads to common statistical packages; and 4) procedures for importing data from external sources.
Statistical analysis
Statistical analysis was conducted using Excel. "N-1" Chi-squared test, as recommended by Campbell (2007) and Richardson (2011) [33, 34] , was performed to evaluate the prevalence of symptoms in patients with specific organisms in comparison to the prevalence of symptoms with no targets detected.
RESULTS
FilmArray GI Panel Findings
This study identified 222 patients who were evaluated via FilmArray GI Panel between June 1, 2016 and March 9, 2017. Patients >18 years old were considered to be in the adult population in this study (175 total) while those from patients under ≤18 years old and were considered to be in the pediatric (47 total) age group. The FilmArray GI Panel detected at least one organism, in 61 of the 222 specimens analyzed (27.5%). Overall, the most prevalent organism in adults detected by the FilmArray GI Panel were Norovirus and EPEC, which were detected in 29% and 23% of adult patients positive for at least one organism, respectively ( Figure 1A) . The most prevalent organism in pediatrics detected by the FilmArray GI Panel were Salmonella and EPEC, which were detected in 23% and 17% of pediatric patients positive for at least one organism, respectively ( Figure 1B ). one organism was present. The organism most prevalent in co-infections was EPEC, which was present in 56.3% of all co-infections, followed by C. difficile and Norovirus which were both present in 37.5% of all co-infections. Only 1 EAEC infections was associated with a coinfection (Figure 2 ).
Co-Infections
EPEC and EAEC
Demographics
Overall, patients that tested positive for EPEC had an average age of 33. 
DISCUSSION
The present study investigated patient demographics, symptoms, diagnostic tests, and other characteristics through a retrospective review of medical records from patients who had stool samples tested with the BioFire FilmArray GI Panel. The aim was to ascertain the role Enteropathogenic and Enteroaggregative E. coli play in acute infectious diarrhea. It is our hope that further understanding these diseases will improve our ability to manage the care of these patients.
This chart review showed that patients who tested positive for EPEC and EAEC were often younger, with an average age of 33.9 and 26.3 years, compared to patients who did not test positive for an organism and underwent GI Panel testing (average age of 47.7). The relatively high distribution of these organisms in patients under 18 years old corresponds to findings in previous work [9, 13, 25] . We understand that age is only one aspect of the demographical characteristics important to gut microbiota. Various studies have shown that demographics such as race, substance use, diet, economics, and social factors may play a role in the diversity of gut microbiota [35] [36] [37] [38] . In future studies, it will be important to analyze these various factors and the role they serve in EPEC and EAEC infections.
Overall, 61 of the 222 (27.5%) samples tested on the GI Panel were positive for at least one organism. This value is lower than the overall positivity rate seen in previous studies [9, 39] . One reason for this was that the C. difficile result was suppressed and not included in this overall positivity rate. Patients who underwent concurrent stand-alone PCR testing specifically for C. difficile were noted of having a co-infection if they tested positive for another organism, however, these patients were excluded if they had no other targets detected (i.e. they were not counted in the no targets detected group).
The distribution of GI Panel organisms detected was similar to those found in multi-center studies with EPEC, Campylobacter, C. difficile, Norovirus, Salmonella, and Rotavirus A being some common organisms detected throughout. Of note, only 4 patients in our study were positive for an EAEC infection while EAEC was the 3 rd and 4 th most common organism detected in these multi-center studies. The low number of positive EAEC specimens made analysis of the role EAEC played in diarrhea infections a challenge. In fact, further analysis of EAEC infections in this studied showed that only 2 had diarrhea associated with it and only 1 of these patients had only developed diarrhea after recent antibiotic use. A future study examining a larger and more diverse patient pool would almost certainly allow for better analysis of patients with EAEC infections.
We found 26.2% of all positive specimens in this study to be positive for more than one organism (co-infection), slightly lower than the rate of coinfections in multi-center studies (30.2% in Spina et al 2015 and 32.9% in Buss et al 2015) but similar to findings in Khare et al 2014 (27.0%) [9, 39, 40] . Similar to prior studies, we too did observe EPEC to be the most frequent pathogen detected in co-infections, making up 56.3% of all co-infections. With 52.9% of EPEC infections associated with a co-infection, one can see why the role of EPEC is being questioned.
We found that EPEC patients had a high prevalence of abdominal pain and vomiting, but not diarrhea, when compared to the presence of these symptoms in patients with no targets detected. There was no significant difference in incidence of fever and diarrhea between patients with EPEC and no targets detected. Because only four patients in this study were positive for EAEC, no significant findings could be determined, although there was a trend of less overall symptoms in these patients. As mentioned previously, of the two patients with EAEC infections that experienced diarrhea, one only developed diarrhea after antibiotic usage, so it is unlikely that development of diarrhea is reliant on an insult to the gastrointestinal flora.
All four EPEC positive samples that were also tested with lactoferrin were positive whereas only 69% of 24 infections with no targets detected tested positive for lactoferrin. Examining the two EPEC patients who tested positive with lactoferrin and had no co-infection showed that both experienced diarrhea and vomiting, with one experiencing abdominal pain as well. Prior studies by Mercado et al found that fecal leukocytes were found in 8.3% of EPEC infections and were significantly associated with diarrheal infections. Mercado et al also demonstrated that analyzing the presence of fecal lactoferrin was a sensitive method to detect inflammatory processes, detecting 95% of all diarrheagenic E. coli [41] . With all 4 of the EPEC infections experiencing some sort of symptom, providers in this study may have ordered a lactoferrin assessment in the more severe EPEC cases, thus yielding the 100% positivity rate for lactoferrin. Since 69% of patients with no targets detected on the GI Panel had a positive lactoferrin and 0 patients who had any target detected were negative for lactoferrin, the practice of using the lactoferrin test to differentiate etiologies should be questioned. Yielding a positive predictive value of 17.24% and a negative predictive value of 100%, the lactoferrin test could be useful in ruling out the presence of pathogens with a negative result. However, use of a reflex testing algorithm (starting with lactoferrin and proceeding to a multiplex PCR panel) would delay results and decrease the benefits of rapid testing. Our study only tested a limited number of patients with viral pathogens, which are more likely to be negative by lactoferrin, and therefore would be missed with a reflex algorithm. There was no significant difference between the amounts of imaging studies ordered for patients positive for the different organisms. Additionally, there was no significant difference in how antibiotics were given for GI symptoms. We can interpret this information as these infections being similar in presentation to heath care providers and thus being handled in a similar manner.
As the case with other retrospective chart reviews, this study has numerous limitations that are important to note. Firstly, it is evident that we had a low number of positive samples for numerous organisms, making analysis of symptoms for organisms like EAEC inconclusive. Additionally, 26.2% of the patients who tested positive for at least one pathogen had a co-infection, further complicating the analysis of the role of EPEC as a lone pathogen. The study also strongly relied on the reported data in patient electronic medical records, and while the same search patterns were applied to all patients in this study, inadequate history or documentation by could certainly affect results, particularly in organisms with a low number of samples. Despite these limitations, this study provides us more information on the role EPEC plays in diarrhea. We feel that the results presented in this study can be expanded upon, and with a larger sample size spanning a more diverse population, would allow for a better determination of the role EPEC and EAEC play.
